Aabstract : In this work, Mg 2 Ni and Ni were added to MgH 2 in order to improve the hydrogen-storage properties of Mg. A 94 wt% MgH 2 +5 wt% Mg 2 Ni+1wt% Ni (named 94MgH 2 +5Mg 2 Ni+1Ni) sample was prepared by milling in a hydrogen atmosphere in a planetary ball mill for 5 h. The Mg 2 Ni was hydrided during milling in a hydrogen atmosphere. The 94MgH 2 +5Mg 2 Ni+1Ni had an effective hydrogen-storage capacity (the quantity of hydrogen absorbed for 60 min) of near 5 wt%. At n=1, the sample released 0.18 wt% for 2 min, 2.14 wt% for 5 min, 4.65 wt% for 10 min, and 5.46 wt% for 60 min at 648 K. The reactive mechanical grinding of MgH 2 with Mg 2 Ni and Ni is believed to facilitate nucleation (by creating defects, which serve as active sites for nucleation, on the surfaces and inside the Mg particles), increase reactivity with hydrogen (by making clean surfaces), and decrease the diffusion distances of hydrogen atoms (by reducing the particle size of Mg).
INTRODUCTION
Magnesium has drawn attention for its many advantages as a hydrogen storage material, including a high volumetric hydrogen-storage capacity (7.6 wt%), relatively low price, and ample reserves in the Earth's crust. Magnesium hydride is expected to be used as a starting material for the preparation of Mg-based hydrogen-storage materials with an additive element; as a hydrogen-storage material that releases hydrogen by reaction with water; as a hydrogen-supply material for fuel cells; and as an anode material for lithium ion batteries [1] .
However, in spite of these advantages, magnesium's hydriding and dehydriding rates are very low [2] .
Mg 2 Ni is known to have higher hydriding and dehydriding rates than Mg [3] [4] [5] [6] [7] [8] . The addition of Mg 2 Ni is believed to increase the hydriding and dehydriding rates of Mg. Reilly et al. [3] and Akiba et al. [4] improved the reaction kinetics of Mg with H 2 by preparing Mg-Ni alloys. Song et al. [5] [6] [7] [8] Bobet et al. [11] improved the hydrogen-storage properties of both magnesium and Mg+10 wt% Co, Ni, or Fe mixtures by mechanical grinding under H 2 (reactive mechanical grinding) for a short time (2 h).
Zhenglong et al. [12] under dry argon gas atmosphere. The prepared alloy was nanostructured with a particle size in the range of 40-50 nm. They reported that the alloy exhibited superior hydrogen absorption and desorption behavior, with 3.2 wt% absorption within 1 min at 573 K and about 3 wt% desorption within 5-10 min at 573 K.
We selected Ni as a transition element additive.
Too large an amount of Ni addition is considered to lead to a reduction in the hydrogen-storage capacity of the alloy. We thus chose a relatively small content of Ni, 1 wt% Ni, as the appropriate content of the additive. 
EXPERIMENTAL DETAILS
Pure MgH 2 powder (hydrogen storage grade, Aldrich), Mg 2 Ni (High Purity Chemicals, Japan, shape powder, purity 99.9%), and Ni (Nano Technology, particle size 100 nm, purity 99.9%) were used to prepare the samples. can be expressed as follows: shows that at n=2-5 the sample absorbs about 5.0 wt% H for 60 min and Fig. 6 shows that at n=2-5 A SEM micrograph of as-purchased MgH 2 [17] showed that the as-purchased MgH 2 had small particles and large particles and the surfaces of the particles were quite flat with few defects. Takacs [20] pointed out that during mechanical grinding, size reduction, mixing, and defect formation take place. Suryanarayana et al. [21] reported that mechanical grinding is a powder metallurgy processing technique involving the cold welding, fracturing, and rewelding of powder particles in a high-energy ball mill, and is capable of synthesizing a variety of metastable phases including supersaturated solid solutions, metastable crystalline and quasicrystalline phases, nanostructures, and amorphous alloys.
Aoyaki et al. [22] reported that the ball milling of alloy powders like FeTi, Mg 2 Ni, and LaNi 5 leads to a reduction in the particle size and the creation of new clean surfaces. Orimo and Fujii [23] pointed out that mechanical grinding produces nano-crystalline materials and the interesting hydriding properties of nanocrystalline materials are an increase in hydrogen solubility and the hydrogen diffusion rate depending on the hydrogen content in the grain boundaries.
Zaluska et al. [10] reported that the ball milling of The contraction due to the desorption of Mg 2 NiH 4 applies strain to the attached MgH 2 neighbor, making the hydrogen desorption of MgH 2 easy. Song et al. [24] reported that the main effects of mechanical alloying in a planetary mill on the material are an increase in surface area and the creation of many defects on the surface and in the interior and the expansion and contraction of the lattice during hydriding-dehydriding cycling also stimulates a reduction in the effective particle size and create defects. 
CONCLUSIONS

